Pre-storage seed invigoration treatment in freshly harvested soybean seeds (Glycine max [L.]Merrill, cv. Soyamax) with powdered crude plant materials (red chilli powder@1g/kg of seed; neem leaf powder@2g/kg of seed), chemicals (iodinated calcium carbonate@2g/kg of seed; para-amino benzoic acid and ferulic acid@500mg/kg of seed) and; pharmaceuticals (aspirin @50mg/kg of seed) significantly improved germinability, field performance and productivity over control. Among the treatments, Ferulic acid, aspirin and para-amino benzoic acid showed better results in improving storability and field performance. The wet treatments, soaking-drying showed adverse effect on germinability due to soaking injury. Biochemical studies revealed that the activity of dehydrogenase, amylase (,  free and  bound), catalase and peroxidase enzymes were higher in all dry treated seeds compared to the untreated control. Among the treatments, ferulic acid followed by aspirin has shown higher enzyme activity. On the basis of the results, pre-storage dry treatments with ferulic acid, aspirin and para-amino benzoic acid may be suggested for improving storability and field performance of stored soybean seed.
INTRODUCTION
Soybean [Glycine max (L.) Merrill], a golden nugget of the orient, is recognized worldwide as a miracle crop. The whole bean contains about 40 per cent protein, 20 per cent carbohydrate and 20 per cent oil and also rich in the valuable amino acid lysine (5 per cent), in which most of the cereals are deficient. In addition, it contains a good amount of minerals, salts and vitamins (thiamine and riboflavin) and its sprouting grain contains a considerable amount of vitamin C. India ranks fifth in the world with an area of 12.20 million hectares and production of 11.00 million tonnes after USA, Brazil, Argentina and China (USDA, 2013-14) .
Seeds of crop plants are very sensitive to the harsh environmental conditions. It is hypothesized that oil content of oil seeds readily oxidize, which deteriorate the seed health in storage (Kausar et. al., 2009) . Seed storage conditions can determine germination and vigour potential of seeds (Mc Donald, 1999) . Various factors such as weather conditions during seed production stage, pests and diseases, seed oil and moisture content, extent of mechanical damage, storage time and relative humidity can affect vigour of seeds (Krishnan et. al., 2003; Marshal and Levis, 2004) . The seed storage environment greatly influences the period of seed survival (Ellis et. al., 1982) . Seed deterioration can reduce the quality, viability and vigour either due to ageing or effect of adverse environmental factors (Seiadat et. al., 2012; Kapoor et. al., 2010) . The decrease in seed vigour results to decrease in germination indeces and yield along with the increase in susceptibility to environmental stress (Tekrony et. al., 1989) . Ghassemi-Golezani et. al. (2010) reported that oxidative damages are responsible for the deterioration in aged seeds. Free-radical oxidation, enzymic dehydrogenation and aldehyde oxidation of proteins might reasonably contribute to the seed quality.
The hydration-dehydration treatments, for the maintenance of vigour and viability of seeds have been put forward by Basu (1976) and De et. al. (2003) . Hydrationdehydration treatments are effective only when given to seeds with medium vigour and are not suitable for high-vigour seeds. But the soaking drying treatment in leguminous seeds would adversely affect germinability due to soaking injury (Saha et. al., 1990) . Pallavi et. al. (2003) also reported that hydration-dehydration treatments of aged sunflower (Helianthus annuus L.) seeds with water, benzoic acid and sodium chloride showed a significant improvement in germination, seedling vigour index, protein content, enzyme activity, yield and yield attributes over control. To maintain vigour and viability by dry treatment, Umarani et. al. (1997) reported the efficacy of leaf powder (Albizzia amara, Vitex negundo and Azadirachta indica) treatment on Casuarina equisetifolia seeds. Mandal et. al., 2000; De et. al., 2003; Layek et. al., 2012; Mandal, 2013 and Mandal, 2014 reported the efficacy of dry treatment with crude plant materials and pharmaceutical formulations on the maintenance of vigour, viability and productivity of many leguminous and non-leguminous crop. On the basis of the above background, studies were undertaken to develop an eco-friendly and cheaper method of seed invigoration treatments for the maintenance of germinability and field performance of soybean seeds.
MATERIALS AND MET.HODS Collection of seeds:
Freshly harvested seeds of soybean [Glycine max (L.) Merrill, cv. Soyamax] were collected from Calcutta University Agricultural Experimental Farm at Baruipur, 24-Paragana (South) and dried in the artificial dehumidified drying cabinet for 48 hours and then stored in well dried air tight rubber-stopper glass bottle at -20°C (deep refrigerator)in the laboratory till further use in present experiment. The experiment was conducted from August, 2014 to December, 2016.
Methods of seed treatment :
Freshly harvested (one month old) seeds of soybean (cv. Soyamax) were dry dressed with aspirin (active ingredient ortho-acetylsalicylic acid @50mg/ kg of seed), iodinated calcium carbonate (30mg iodine impregnated to 2g calcium carbonate @ 2g/kg of seed),red chilli powder (active ingredient capsaicin @1g/kg of seed;1gm red chilli powder contains 0.14 mg capsaicin), neem leaf powder (active ingredient azadirachtin @2g/kg of seed; 1gm neem leaf powder contains 2.5 mg azadirachtin), para-amino-benzoic acid (500mg/kg of seed), ferulic acid (500mg/kg of seed) in the rubber stopper glass bottles under ambient condition (temperature 28°C). After dressing, bottles were thoroughly shaken for the mixing of chemicals and crude plant powders with the seed and this process were continued for at least another 7 days. For soaking treatment, seeds were soaked in double volume of water for 2 hour followed by drying to its original moisture content under the sun or artificial dehumidified drying cabinet for 2-3 days. Moist sand conditioning of seeds were done firstly by pre-moistening the air dry sand by 5% moisture (seed: sand:: 1:3) in the container and then seeds were thoroughly mixed with the moist sand and then kept covered for 24hour. After the stipulated period, seeds were sieved to let the sand passed and then dried to its original moisture content. In case of Moist Sand-Conditioning Soaking-Drying, seeds were pre-moistened for 24 hours following the earlier method and then drying back to its original moisture content. All the wet treated seeds along with control were then stored in the over fused calcium chloride desiccators for 7 days for moisture stabilization to a uniform level.
Natural ageing: After 15 days of treatment, treated and untreated seeds were subjected to natural ageing at 76±3.2% RH and 28±1°C temperature (equal number of seeds from each treatment were kept in the equal number of perforated paper packets and then all packets were kept in a cloth bag) for154 days.
Germination test:
Germination tests of treated and untreated seeds were conducted immediately after treatment and after ageing following the inclined glass plate blotter method of Punjabi and Basu (1982) . Before germination, seeds were slurry dressed with fungicide to control fungus during germination.
Studies on enzyme activity:
The study of dehydrogenase activity of treated and untreated seeds was estimated following the method of Kittock and Law (1986) with minor modification. Fifteen seeds for each treatment were placed for germination test on petridish at 28±1°C. After 24 hours, sprouted embryos were separated out. Six such embryos were incubated with 2 ml of 0.2% solution of Tetrazolium Chloride (TTC) for 3 hours at room temperature in dark. After incubation, the tetrazolium solution was decanted off and the embryos were thoroughly washed with distilled water and surface dried. Then 4 ml of 2-methoxy ethanol were added and kept for 24 hours at room temperature for the extraction of red coloured formazan. The absorbance of the solution was recorded at 470 nm on a Systronic Spectrophotometer 104. Dehydrogenase activity was expressed as n mole/embryo/hour.
Amylase enzyme assay of freshly harvested and stored seeds was studied following the method of Bernfeld et. al., (1955) . For extraction of -amylase enzyme, 100mg 3 hour imbibed de-embryonised seed tissue was homogenized with 5ml ice-cold calcium chloride solution in pre-cooled mortar-pestle and centrifuged in 15,000 rpm at 4°C temperature for 20 min. The supernatant was used as enzyme source. For extraction of -amylase enzyme, 100 mg acetone-defatted of seed sample was homogenized with 66mM phosphate buffer (pH 7) containing 0.5 M sodium chloride in pre-cooled mortar-pestle and centrifuged in 20,000 rpm at 4°C temperature for 15 min. The supernatant was used as -amylase (free) enzyme source. The collected pellet was extracted with phosphate buffer containing 0.5% 2-mercapto-et.hanol at 4°C. The clear extract was source of bound -amylase. One ml of enzyme extract was incubated with 1ml of starch solution at 27°C for 15 minutes. The reaction was terminated by using 2ml of dinitro-salicylic acid reagent and heat in boiling water bath for 5 minutes. After heating, added 1ml potassium-sodium-tartarate solution and make up the volume to 10 ml. Optical Density was recorded at 620 nm against reagent blank in Systronic spectrophotometer 104. Activity of amylase enzyme (,  free and bound) was expressed as mg maltose produced in 5 minutes incubation with 1% starch.
Catalase activity was studied following the method of Aebi (1984) with minor modifications. For extraction of catalase enzyme activity, 10 days seedlings were considered as plant tissue. Hundred mg tissue was homogenized at a seedling length were recorded after germination for 7 days at 28 ± 1ºC temperature. Abbreviations: SD = Soaking-drying; MSC-D= Moist-sand-conditioning-drying; MSC-SD = Moist-sand-conditioning-soaking-drying; VI (Vigour Index) = Germination% X Seedling length; CD = Critical Difference; NS=Non Significant ratio of 1:3 with 0.1 M sodium phosphate buffer (pH 7) in pre-cooled mortar-pestle and centrifuged in 8,000 rpm at 4°C for 15 min. The supernatant was used as enzyme source within 2-4 hour. The reaction mixture was prepared by mixing 2.6 ml phosphate buffer, 400 µl H 2 O 2 at 4°C. Ten µl enzyme was mixed immediately and read the decrease in absorbance for 3 min at 240nm against reagent blank in Systronic UVSpectrophotometer 117. Protein concentration was measured by the modified Lowry method for the protein determination using standard BSA solution for calibration in Systronic spectrophotometer 104. Catalase activity was expressed as OD/minute/µg protein.
Peroxidase enzyme activity was measured following the method of Evers et. al., (1994) . For extraction of peroxidase enzyme activity, 10 days seedlings were considered as plant tissue. Hundred mg tissues was homogenized at a ratio 1:3 with 0.1 M sodium phosphate buffer (pH 7.8) in pre-cooled mortar-pestle and centrifuged in 10,000 rpm at 4°C for 15 min. The supernatant was used as enzyme source within 2-4 hour. The reaction mixture was prepared by mixing 2.6 ml phosphate buffer, 400 µl pyrocatechol, 400 µl H 2 O 2 at 4°C. Hundred µl enzyme was mixed immediately and read the increase absorbance for 3 min at 470nm. Protein concentration was measured by the modified Lowry method for the protein determination using standard BSA (Bovine-Serum-Albumine) solution for calibration in Systronic spectrophotometer 104. Peroxidase activity was expressed as OD/minute/µg protein.
Field study: Field experiment was conducted at Calcutta University Agricultural Experimental Farm, Baruipur, 24-Paragana (South) during (rabi season) the year 2014 to 2016 using RBD with 3 replications for each treatment measuring 10m 2 . Total experimental plot area was 420m 2 with row to row distance 25cm and pit to pit distance 40cm. Fertilizer dose of N:P 2 O 5 :K 2 O was added at the ratio of 20:40:40 kg/ ha. During final land preparation, the whole amount of phosphate, potassium and 50% nitrogen were added. The rest of the nitrogen were added in two split doses, one at 30 days of sowing and another at flower initiation stage. The post sowing irrigation was done on the same day. Besides three more irrigations, weeding and pesticide application (chlorpyrifos) was done time to time throughout the cropping period. Field emergence data was taken after 30 days of sowing when the plant reaches about 25cm in height. The rest of the data were recorded viz. plant height, number of branches, number of pod per plant, pod weight, seed yield and 1000 seed weight after harvest.
Statistical analysis:
The data obtained from the laboratory (germination test and biochemical tests) and field were statistically analyzed by ANOVA and the significance of the differences between means at p>0.05 and p>0.01 was estimated to evaluate the treatment effects on vigour, viability and field performance of soybean following the method of Fisher (1948) . Germination percentage data of treated and untreated seeds were transformed to their respective arc-sin values before computation and root and shoot length data were analyzed as such.
RESULTS AND DISCUSSION
Germination test conducted immediately after treatment did not show any noticeable difference on germinability between treated and untreated seeds. But after natural ageing at 76±3.2%RH (relative humidity) and 28±1°Cfor 154 days, most of the dry treated seeds showed significant improvement on germination percentage, root and shoot length of the seedling over untreated control. Among the wet treatment in freshly harvested high vigour seeds, soaking drying showed adverse effect on germinability. The harvest indeces (as calculated by multiplying the germination percentage with seedling length) of dry treated seeds were also higher than that of untreated control. Among the all treatments, ferulic acid (dry treatment) and MSC-D (hydration-dehydration treatment) showed better results in extending storability (Table 1 ).
The field performance and productivity of most of the pre-storage dry treated seeds were significantly improved over untreated control. The wet treatment especially, moist sands conditioning followed by soaking and drying (MSC-SD) showed some beneficial effect over the control. The pre-storage dry treatments have shown better results in improving field performance over pre-storage wet treatments. Soaking-drying treatment showed adverse effect on yield probably due to soaking injury. Among the pre-storage dry treatment, para-amino benzoic acid (average 11.4% increase over untreated control) and ferulic acid has shown better results in improving yield (average 9.99% increase over untreated control) and other yield attributes of stored soybean seeds (Table 2 ).
Studies on enzymatic activity viz., dehydrogenase, amylase, catalase and peroxidase also did not show any significant differences between treated and untreated seeds when tested immediately after pre-storage seed invigoration treatments. But after natural ageing for 154 days, most of the pre-storage dry treatments viz., ferulic acid followed by aspirin and para-amino benzoic acid showed higher enzyme activity than the untreated control (Table 3 and 4) . Soakingdrying treatment showed adverse effect on all enzyme activity probably due to soaking injury.
The role of halogen (iodine and chlorine) in the stabilization of double bonds of unsaturated fatty acids of lipoprotein bio-membrane as a reason for viability extension was suggested by Basu and Rudrapal (1980) , where halogen acting as a free radical controlling agent (Pryor and Lasswell 1975) . Halogen is used in very low doses for its effectiveness in controlling free radical reaction as antioxidant-synergist and radio protective agent (Demopoulos, 1973a; Milvy, 1973) .
The mode of action of ferulic acid (3-hydroxy-4-methoxycinnamic acid) is effective in increasing the resistance of low-density lipoprotein (LDL) to oxidation, where it mainly acts as peroxyl radical scavengers (Castelluccio et. al., 1996) and also involved in the antimicrobial activity (Borges et. al., 2013) .
Acetylsalicylic acid, active ingredient of aspirin belongs to an extra ordinary diverse group of plant phenols usually defined as substances that possess an aromatic ring bearing a hydroxyl group as its functional derivatives. The effect of aspirin was synergistic on floral bud initiation accompanied by increase in total RNA content, phosphatises Nanda, 1981a, 1981b) . Aspirin may help to decrease the progression of atherosclerosis by protecting LDL from oxidative modification (Steer et. al.,1997) .
Capsaicin, an active ingredient of chilli (Capsicum frutescens L.) is an acknowledged inhibitor of lipid peroxidation (Brand et. al., 1990 and Dey and Ghosh, 1993) . The beneficial role of natural plant preparations like red chilli powder could also be due to reduced lipid peroxidation because the volatile aldehyde production was lower in the treated seeds (Mandal et. al., 2000) .
Azadirachtin, an active ingredient of neem (Azadirachta indica A. Juss) leaf powder significantly slowed down the seed deterioration in storage (Kapri et. al., 2003) and also involved in antiviral, antibacterial, antifungal activity.
Para-amino benzoic acid (PABA), once known as vitamin B x , is an essential co-factor for the production of folic acid in many species of bacteria (Combs, 1991) .The compound has mild anti-inflammatory activity. It is also widely used in sun-blocking cream due to its UV-B absorbing capacity. Miao-Lin et. al., (1995) also showed that paraamino benzoic acid successfully scavenges reactive oxygen species (ROS) such as 1 O 2 , -OH and hypochlorite radical, thereby protecting the DNA from the ROS induced oxidation. However, they did not find superoxide anions or H 2 O 2 scavenging activity of PABA.
The mode of action of hydration-dehydration treatments (MSC-D and MSC-S-D), there are two possibilities such as controlling cell cycle, involvement of enzymatic repair system in correcting aged-induced biochemical lesions during seed hydration (Villiers and Edgcumbe, 1975; Burgass and Powell 1984) and counteraction of lipid peroxidation and aldehyde production (Sung and Chiu, 1995) .
Decreasing activities of dehydrogenase, amylase, catalase and peroxidase enzyme indicates a decrease in the respiratory rate and metabolism and hence a decline in seedling vigour. Verma et. al., (2003) observed that the dehydrogenase activity was reduced as the ageing progressed and was found lowest after four year of storage in Brassica spp. Krishnaswamy and Seshu (1989) reported a positive correlation between oxygen uptake and seed germination rate in rice. Similar results were also observed in natural and artificially aged wheat variet.ies by Chauhan et. al., (2011 ). Sundareswaran et. al., (2009 reported the existence of genotypic differences in dehydrogenase activity between pearl millet lines subjected to accelerated ageing. In plant, scavenging enzymes (such as super oxide dismutase, catalase, peroxidase) and regenerating the active forms of antioxidants have been used to control the level of reactive oxygen species (ROS) and to protect the cells (Yasar et.. al., 2008) . Scialabba et. al., (2002) reported that peroxidase activity decreased in aged seeds as compare to fresh seeds in radish. Pallavi et. al., (2003) studied that sharp decline in peroxidase and dehydrogenase enzyme increased with the period of storage in sunflower. A gradual decline in amylase activity in natural aged gram, chickpea and wheat was reported by Agarwal and Kharlukhi (1987). Demirkaya et. al., (2010) studied that a high level of correlation between loss in seed viability and the decreases that occurred in catalase activity in onion. Cakmak et. al., (2010) also studied the decrease germination ability of aged legume seed were correlated with decrease in activity of enzymatic antioxidant studies. Our present study further confirms the findings of earlier worker.
Whatever may be the exact mechanism operative in the viability maintenance of soybean seeds, pre-storage dry treatments with ferulic acid, aspirin and para-aminobenzoic acid may be suggested for improved vigour, viability and yield performance.
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Abbreviations: G% = Germination percentage; SD = Soaking-drying; MSC-D= Moist-sand-conditioning-drying; MSC-SD = Moist-sand conditioning-soaking-drying; VI = Vigour Index (Germination% x Seedling length); CD = Critical Difference; NS=Non Significant; n mole= nano mole; P=probability
